by the risk assessment of species (Li et al. 2000; Gevrey et al. 2006) , biological conservation (Wintle et al. 2003) , the quality of local and global change predictions (Jager & King 2004) , impact of climate changes (Fuentes et al. 2006) , habitat sustainability and forest management (Van der Lee et al. 2006) , biotic, abiotic and anthropogenic disturbances (Lundquist & Sommerfeld 2002; Sturtevant et al. 2004a, b; Laughlin & Grace 2006; Edgar & Burk 2007; Laughlin & Abella 2007; Tichit et al. 2007 ). For analysis of more complex correlations between different disturbing factors, in particular anthropogenic ones, the spatial modelling with the use of GIS procedures have been successfully applied (Nienartowicz & Kunz 2001; McNeil et al. 2006) . This paper reports on the modelling made with the help of constructions of logical expressions to be used for analyses of spatial processes in vegetation in the program ArcView GIS (Esri 1993) . The GIS method, which has been developing since 1960s, used for automatic mapping and modelling ecological systems, is extremely useful nowadays for transforming data and defining relationships between them (Gough & Rushton 2000; Łaska & Hildebrand 2001; Łaska 2006a) . For many years different algorithms that could be used for identifying features such as structure of landscape, change of vegetation, characteristics of urban, degradation of soil, degeneration of forest, condition of forest etc., have been discussed. The aim of the study is to give an idea of the scale and range of changes in the forest communities of the Knyszyńska Forest performed on the basis of determination of correlations between the occurrence of particular types of the real vegetation with respect to the types of the potential natural vegetation, performed with the use of the logical expressions applied to the spatial GIS database. It is interesting to find why the pine tree stands dominate in the vertical structure of the majority of the forest communities despite a considerable presence of the potentially fertile oak-hornbeam habitats. The question is what are the reasons for the inconsistencies between the species composition and the types of habitats.
The area and methods of study
The idea of the study was prompted by the earlier field observations of changes in plant communities performed over 15 years (1987 -2001) whose outcome was, among others, preparation of digital GIS databases for the forest communities in the Knyszynska Forest and their graphic presentation on 3 maps. The digital maps were prepared within the research project (KBN -nr 6P04G02812) realised in the years 1997 -1999 (Łaska 1999a, b, c, d, 2006b ).
The study area was determined by the main forest complex mapped onto 12 sheets of the "Review Maps of State Forest Divisions" on the scale 1:25000, covering 12 forest districts included into 7 State Forest Divisions (Fig. 1) . From the total area of the Knyszyńska Forest -1267.02 km 2 (GUS 1999) , only the State Forests area of 1094.634 km 2 , which makes 86.4% of the total area of the Knyszyńska Forest, was subjected to GIS analysis. The area is delimited between 52 o 55'47'' and 53 o 42'10'' of the north latitude and 22 o 52'20''and 23 o 54'22'' east longitude. It was defined in the coordinates of the state reference system "Coordinate System 42".
Processing and presentation of the information on the natural environment
The processing of the environmental information was performed with the use of two digital spatial databases on the vegetation of the Knyszynska Forest, i.e. the present-day potential natural vegetation and the present-day real vegetation. The basic field units of the spatial database were defined as the spatial resultant of aggregation of forest subunits. The fundamental area unit of the spatial database was defined as spatial resultant of aggregation of forest subdistricts (forest taxation) belonging to the assumed categories of the potential and real vegetation. The exclusions were generalised to the level of the 1:25000 scale map detail.
In the informative datalayer each area was assigned with the system attributes of the surface database (PATpolygon attribute table) area, circumference, unique system number and user number. Besides the surface attribute table, each area was characterised by descriptive attributes specifying the type of the present-day potential natural vegetation (Rosp) and the present-day real vegetation (Rosr) to enable their processing in the computer system GIS. The descriptive but not spatial attributes were specified with the help of a coding system of vegetation units. In total, 9 categories of the present-day potential natural vegetation (Code Rosp) (Tab. 1) and 19 categories of the present-day real vegetation (Code Rosr) (Tab. 2) were distinguished.
Computer system of GIS analysis
The construction of logical expression was performed using the software GIS -ArcView version 3.0 (Esri 1993). The construction of a logical expression is used to formulate an exact logical question addressed to the database concerning the problem of interest. The logical inquiry to the database of vegetation attributes can comprise a number of attributes, operators and mathematical functions, and its construction should permit an effective and precise selection of the objects desired. The syntax is made most often with the chain type fields with the operators "and", "or" and "not". The operator "and" means that both logical expressions are true, "or" that at least one of them is true, while "not" permits construction of mutually exclusive logical expressions (Fig. 2) . The syntax of the logical expression used in ArcView permitted a determination of the number of spatial objects satisfying the conditions of the logical expression x = code Rosr and y = code Rosp (Fig. 2) . Thanks to this procedure of mapping the present-day real vegetation on the background of the present-day potential natural vegetation it was possible to get the information on the main cause of vegetation changes in the Knyszyńska Forest.
The method enabled statistical analyses of the presence and distribution of particular attributes distinguished in different datalayers. The results permitted calculation of the total and partial areas with the selected categories of the present-day potential natural and real vegetations over the whole area of the Knyszyńska Forest and in individual forest sections within its area. At the next step, a detail statistical analysis of the selected categories of vegetation of different types in the system of combination of their cooccurrence was performed. The database records satisfying the imposed logical expression were exported in the form of the Dbase files (*.dbf) to the calculation sheet in Microsoft Excel 2003 in which they were subjected to further statistical analysis (Tab. 3). Czerwiński (1995) and Matuszkiewicz (2001) The young tree communities with domination of birch tree (Betula pendula)
Results

Present-day potential natural vegetation
5
The young tree communities with domination of pine tree (Pinus sylvestris)
6
The young tree communities with domination of spruce (Picea abies)
7
The young tree communities with domination of oak (Quercus robur)
15
The young tree communities with domination of alder (Alnus glutinosa)
The secondary forest communities, including:
The secondary forest communities with domination of pine tree (Pinus sylvestris)
9
The secondary forest communities with domination of spruce (Picea abies)
10
The secondary forest communities with domination of birch tree (Betula pendula)
11
The secondary forest communities with domination of oak (Quercus robur)
12
The secondary forest communities with domination of hornbeam (Carpinus betulus)
13
The secondary forest communities with domination of aspen (Populus tremula)
16
The secondary forest communities with domination of alder (Alnus glutinosa)
17
The secondary forest communities with domination of ash tree (Fraxinus excelsior)
19
The secondary forest communities with domination of linden (Tilia cordata)
14
The seminatural (meadows, pastures) and synanthropic (ruderals) communities 18 Village areas within the Knyszyńska Forest The first six units represent the forest communities on the mineral soil taking 88.8% of the Forest area of which 58.9% are the forest communities in the coniferous forests habitats and 29.9% are the forest communities in the oakhornbeam habitats (Tab. 4). The last seventh unit represents the forest communities on hydrogenic soil, taking 11.2% of the Forest area, comprising flood plain forests, bog forests, bog-spruce and bog-pine forests, treated as one unit.
Present-day real vegetation
The term the present-day real vegetation refers to the actual vegetation in a given area whose state and composition reflect the current state of habitats and subjected to the impact of forest management. According to the spatial GIS analyses of the area of State Forests 1094.63 km 2 the real vegetation occupies 1041.84 km 2 (Tab. 5). The oldest tree-stands in the Knyszyńska Forest representing the natural and close to natural communities, of 100 -120 years of age, make only 11.7% (122.28 km 2 ). The total area taken by the secondary communities including post-clear-cutting and forest crop communities, young tree communities and secondary forest communities is 919.56 km 2 , which makes 88.3% of the Knyszyńska Forest area (Tab. 5). Among the secondary communities the greatest area is occupied by the secondary forest communities representing the stickstand and old-growth phases (66.9%) in the age from 30 to about 100 years. The contribution of young tree stands -aged from 10 to 30 years is smaller -16.6%, and that of postclear-cutting and forest crops forming directly after clear cutting and aged up to 10 years is still smaller -of 4.8%.
Analyses of vegetation changes in terms of the spatial GIS data
In the area of the Knyszyńska Forest, the secondary forest communities making 66.9% are mostly represented by those with dominant pine (Pinus sylvestris) (55%) in the stickstand phase (Tab. 5). They have developed mainly from the young tree communities with artificially planted pine trees taken from plantations. The contribution of the secondary forest communities with domination of other species is very low. For example, the secondary forest communities with domination of oak (Quercus robur) make only 4.2%, with domination of spruce (Picea abies) -3.5%, with domination of birch tree (Betula pendula) -2.8% and with domination of alder (Alnus glutinosa) -1.2% (Tab. 5).
In the young-tree stands (16.6%) the largest is the contribution of those with domination of pine trees (Pinus sylvestris) from artificial reforestation, making 11.2%, while the contribution of other young-tree communities is much lower (Tab. 5). For example, the young-tree communities with domination of spruce (Picea abies) make only 2.3%, with domination of oak (Quercus robur) -1.8% and with domination of birch tree (Betula pendula) -1% (Tab. 5).
The observed types of the present-day real vegetation are surprising. It is interesting to find why the pine tree stands dominate in the vertical structure of the majority of the forest communities despite a considerable presence of the potentially fertile oak-hornbeam habitats. The question is what are the reasons for the inconsistencies between the species composition and the type of habitats.
The answer to this question was found on the basis of the spatial modelling. Using the method of construction of logical expressions applied to the spatial GIS database the co-occurrence of particular types of the present-day real vegetation was analysed versus the units of the potential natural vegetation (Tab. 6). Particular attention was put to the contribution of the pine tree stands in all habitats studied, both coniferous and oak-hornbeam ones.
Correlation of occurrence of the present-day real vegetation with respect to the units of the present-day potential natural vegetation
As follows from analysis of the spatial relations between the two types of vegetation, within the Knyszynska Forest, the dominant types of the present-day real vegetation are the forest secondary communities in the stickstand type with predominance of pine, irrespective of the potential types of the habitat studied. The pine tree stands make from 70 to 100% of the studied units of the present-day real vegetation in the structure of forests of all Knyszyńska Forest divisions and districts, in the coniferous habitats of fresh Peucedano-Pinetum and mixed fresh coniferous habitats of Serratulo-Piceetum and Carici digitatae-Piceetum (Tab. 6). However, according to the statistical analyses, pine tree stands are dominant not only in the coniferous habitats but also in the oak-hornbeam habitats. The pine tree stands make from 50 to 94% of the forest secondary communities in the Knyszyńska Forest divisions and districts, except the districts Kumiałka and Czarna Białostocka in the Czarna Białostocka division in the oak-hornbeam habitats of the mixed fresh forest Melitti-Carpinetum and fresh forest Tilio-Carpinetum (Tab. 6). The pine trees artificially introduced into fertile oak-hornbeam habitats often grow in the form of one-age and one-generation populations of a low capability of natural renewal. This is the reason why in later developmental phases in the upper layers of the tree stand the expansive spruce trees begin to dominate. Consequently, spruce trees (Knyszyn district - 2 ). As follows from the analysis of the spatial relations between the two types of vegetation, the present-state real vegetation in the Knyszyńska Forest is a consequence of the forest management policy. The analysis has shown that besides the pine tree stands dominant in the species composition of forest communities, pine trees have also dominated the younger developmental stage communities (young tree stands). In the forest structure of all divisions and districts the young pine tree communities are the dominant types of real vegetation in the younger developmental stages growing in the coniferous habitats. In the oak-hornbeam habitats the young pine tree communities dominate among the birch, spruce, oak and alder tree stands in the districts Supraśl, Sokółka, Złota Wieś, Knyszyn, Zajma and Żednia (Tab. 6). This concerns in particular the oakhornbeam habitats of the mixed fresh forest Melitti-Carpinetum. Only in the northern fragment of the Knyszyńska Forest in the districts Kumiałka and Czarna Białostocka, the young oak tree communities dominate (2.8160 km 2 ; 6.0063 km 2 , respectively) among the young tree stands in the oak-hornbeam habitats (5.3189 km 2 ; 8.6972 km 2 , respectively). In the other districts in the oak-hornbeam habitats the young pine trees accompany the young birch tree stands (districts Krynki, Waliły, Katrynka) or young spruce and oak trees (districts Złota Wieś, Dojlidy) (Tab. 6)
The secondary forest communities and the young tree communities with dominant pine appeared as a consequence of application of the clear-cutting as the most popular forest management measure, not only in the coniferous but also in the oak-hornbeam habitats in which such a measure should not be applied. The clear cutting means that all trees over a given area are cut out and artificial forest crop are introduced. This type of cutting was commonly applied in coniferous habitats and oak-hornbeam habitats in the districts Krynki, Waliły, Knyszyn, Żednia and Sokółka. The partial cutting was applied in oak-hornbeam habitats less frequently, mainly in the districts Złota Wieś, Czarna Białostocka, Katrynka and Zajma. In the other districts (Krynki, Supraśl, Dojlidy), the two types of cutting were applied (Tab. 6).
As follows from the analysis of the spatial GIS data, in the area of the Knyszyńska Forest, the natural communities dominate in the present-day real vegetation only in the habitats of coniferous and deciduous bog forests in all divisions (Tab. 6). The high degree of their natural character is a result of the unique hydrological conditions preventing the use of simple forest management measures like clearcutting.
Range of the anthropogenic changes of vegetation in the Knyszyńska Forest
The final result is determination of the range of anthropogenic changes in the vegetation allowing a determination of the difference between the potential natural vegetation and real vegetation, caused by anthropogenic factors. The post-clear-cutting and forest crops communities, the Table 6 . Generalization of the data on the correlation of occurrence of the present-day real vegetation (Rosr) with respect to the units of the present-day potential natural vegetation (Rosp) taking into regard the dominant types of the secondary communities young-tree communities and forest secondary communities, in which the stable species making previous phytocenoses disappeared, make 10% in the area 106.02 km 2 . Young-tree communities and forest secondary communities represent an artificially planted tree stand, where the species composition is in disharmony with the habitat conditions. The young-tree communities (13.5%) and the forest secondary communities (52%) of artificial tree stand but of the species composition in harmony with the habitat conditions occupy the area of 142.29 km 2 and 547.99 km 2 , respectively. The forest secondary communities with spontaneous tree-stands (7.9%) take only 83.55 km 2 .
Discussion and conclusions
In ecology mathematical modelling has no better alternative for explanation and prediction of the natural phenomena. There are simple analytical models solvable by analytical methods along with advanced models solvable by approximate numerical methods known as the simulation or empirical models. In ecology, mathematical modelling permits precise prediction of biological phenomena on all levels of organisation i.e. individuals (Gimenez et al. 2007) , populations (Wang 2007) , communities (Lek et al. 2005) , ecosystems (Tews et al. 2006 ) and landscapes (Gough & Rushton 2000) . Complex ecological systems and the transformations they undergo can hardly be described without ecological modelling, for which one of the best tools is GIS. The GIS procedures applied in the study permitted multifaceted spatial analyses of vegetation relations thanks to the use of construction of logical expressions. GIS is a system of hardware and software used for storage, retrieval, mapping, and analysis of geographic data (ArcView GIS 1997; Kistowski & Iwańska 1997; Urbański 1997) . Practitioners also regard the total GIS as including the operating personnel and the data that go into the system. Spatial features are stored in a coordinate system (latitude/longitude, state plane, UTM etc.), which references a particular place on the Earth. Descriptive attributes in tabular form are associated with spatial features. Spatial data and associated attributes in the same coordinate system can then be layered together for mapping and analysis. The increasing interest in GIS is a consequence of its analytical possibilities based on construction of models of spatial relations and their changes (Aalders 2001; Olenderek et al. 2001; Van der Zee 2001) . Rapid development of computation methods and availability of increasing number of GIS software packages have offered a possibility of spatial analyses of vegetation relations. In particular, they permit analysis of anthropogenically induced changes in vegetation caused by forest management measures (Łaska & Hildebrand 2001; Łaska 2006a) .
The mathematical modelling with the use of constructions of logical expression employed for the GIS database has facilitated analysis of vegetation changes in the area of the entire Knyszyńska Forest. The application of a number of combinations of logical expressions and the objects studied has permitted construction of many models revealing new information on relations of the co-occurrence of the present-day real and potential vegetation. As follows from our study, the dominant types of real vegetation in the Knyszyńska Forest are secondary forest communities and young-tree communities with pine domination, occupying not only potential coniferous habitats but also oakhornbeam habitats. The pine tree stands make from 70 to 100% in the coniferous habitats and make from 50 to 94% in the oak-hornbeam habitats of the studied units of the present-day real vegetation in the structure of forests of all Knyszyńska Forest divisions and districts. The analysis has indicated that the forest management measures should aim at developing effective ways of conservation of plant communities in given geographic space and monitoring changes caused by increasing anthropogenic stress.
